transcriptionally active and repressed areas in the genome-and measures of accessible or 'open' chromatin. The resulting human islet 'cistrome' , a genome-wide map of chromatin features and transcription factor binding sites, represents a valuable resource that will yield new insights for many years to come.
Enhancer clusters
Detailed analysis of the rich experimental data compiled by Ferrer and colleagues uncovered several important general themes. First, although transcription factors were bound to the promoters of many genes expressed in human islets, this binding occurred regardless of whether a gene was expressed only in islets or in multiple tissues. Instead, islet-enriched gene expression correlated with transcription factor occupancy at distal enhancers, and these enhancers were often found to exist in clusters. Second, computational analyses of islet-specific enhancer clusters not only confirmed the presence of the DNA binding motifs recognized by well-known islet-expressed transcription factors such as FOXA2 and PDX1 but also identified several entirely new motifs, suggesting the existence of additional DNA-binding proteins yet to be discovered as regulators of gene expression in islets. Islet biologists will and the field has hitherto stratified SNPs, in part, on the basis of overlap with AR-binding sites [3] [4] [5] . The importance of HOXB13 is that it too is strongly associated with prostate cancer risk through inherited risk variation 6 . Furthermore, HOXB13 is known to interact with the DNA-binding domain of AR, an interaction that can change the genomic recruitment sites for AR 7 . Interestingly, Huang et al. also report that AR and an additional reprogramming factor called FOXA1 are associated with rs339331. This finding raises the possibility that the extent of enhancer activity at rs339331 may reflect the impact, not only of the SNP itself, but also of other components of genetic predisposition, such as variation in HOXB13. Although the role of other genetic variants was not explored in the current study, studying their interplay will be important in the future, as our appreciation of genetic risk is based largely on multiplicative small individual risk contributions from SNPs. Evidence of direct regulatory interdependency between hitherto independent genetic risk factors, such as HOXB13 variants and rs339331, would force us to consider whether we underestimate cumulative genetic risk. More detailed studies of regulatory hierarchies will require the use of cells derived from primary tissues and genome editing. Technologically, these studies will be challenging, but progress is rapid, and exerting greater control over cellular context and genomic content will allow the precise molecular dissection of hierarchy and the ability to test causative relationships in the path toward tumorigenesis.
T2D affects over 300 million people worldwide, and its incidence is predicted to double by 2035. Although well-known behavioral factors such as overeating and a sedentary lifestyle are major contributors to the diabetes epidemic, a heritable component has long been recognized to contribute to an individual's risk of becoming diabetic. Large-scale genetic mapping efforts over the past 10 years have identified more than 60 loci encompassing up to 500 genes as contributing to the disease, but the mechanisms by which these variants act are largely unknown [1] [2] [3] . On page 136 of this issue, Jorge Ferrer and colleagues 4 have laid the groundwork for an improved molecular understanding of these T2D-associated variants and of human islet biology in general. In a truly heroic effort combining the work and expertise of laboratories in five countries, the group mapped the locations of five key transcriptional regulators known to function in hormone-producing cells of the endocrine pancreas and integrated these data with multiple histone marks-indicating a cistrome roadmap for understanding pancreatic islet biology
Dana Avrahami & Klaus H Kaestner
although dozens of common variants have been associated with increased risk of type 2 diabetes (T2d), the mechanisms by which these variants increase disease susceptibility are largely unknown. a new study mapping the human pancreatic islet cistrome provides a roadmap for exploring the effects of these variants and suggests that altered enhancer function might be a common contributor to the genetic risk of T2d. now have the opportunity to pursue the identification of these potentially new regulatory proteins. Third and perhaps most critical to our understanding of T2D genetics, many of the sequence variants known to be associated with risk of developing T2D are located in or near the aforementioned enhancer clusters.
Pinpointing functional variants
The discovery that islet enhancer clusters frequently harbor genetic variants found to be associated with T2D risk in genome-wide association studies has far-reaching implications. First, altered disease risk conferred by previously mapped 'diabetes genes' is only rarely, if ever, caused by altered protein function. Rather, altered gene expression, correlating with variation at distal enhancers, is likely to be a common mechanism explaining altered disease susceptibility (Fig. 1) . Second, the extraordinary resource provided by Ferrer and colleagues will greatly facilitate the determination of the molecular mechanisms by which T2D risk loci affect islet function. Pasquali et al. 4 have provided an example of this approach by showing that a T2D risk allele-present only in Asian but not in European populations-affects binding of the npg the bone marrow. B-precursor ALL is classified into subtypes by cytogenetic abnormalities, including aneuploidies and recurrent chromosomal translocations, each with a different clinical outcome 1 . These subtypespecific cytogenetic aberrations are generally considered to be the initiating events in leukemia development, with a limited number of additional mutations required for disease emergence and progression. Highresolution genomic profiling uncovered associated functional consequences, is possible and might occur in individuals with T2D 8 . In addition, it is important to remember that not all alterations in islet function are predetermined by risk-associated alleles. In particular, it is clear that the diabetic state itself has a major impact on the transcriptome of human pancreatic islets. For instance, a previous study found, through microarray expression analysis, that ARNT was misexpressed in diabetic islets 10 . More recently, it was discovered that an imprinted locus on chromosome 14, encoding the MEG3 long noncoding RNA and 54 microRNAs, was strongly downregulated in β cells from individuals with T2D 11 . Thus, the final phenotype of diseased β cells is determined both by germline predisposition, through the combined effects of dozens or hundreds of risk alleles, and by the changes to the epigenome and transcriptome that occur during an individual's lifetime. and the glucose-lowering hormone insulin, respectively. Although most researchers have focused on the role of relative insulin deficiency and impaired β cell function in the etiology of T2D, β cells make up only about 50% of endocrine cells in the islet 6 , and it is clear that glucagon-producing α cells are major contributors to the disease phenotype 7 . Given their shared developmental origin and related functions in stimulus-secretion coupling, it is not surprising that the transcriptomes and epigenomes of human α and β cells are quite similar 8, 9 . Nevertheless, important difference also exist-in particular, the fact that many so-called 'β cell genes' exist in a poised chromatin state in α cells-suggesting that partial or full phenotypic interconversion of islet cell types, with the Figure 1 Model of how genetic variants in enhancers of islet-expressed genes contribute to islet cell dysfunction and increased risk of T2D. Top, an allele with an intact transcription factor binding site in an enhancer cluster far distal to the promoter of an islet-expressed gene. Interaction of the enhancer with the promoter leads to high levels of gene transcription. Bottom, a T2D risk allele that disrupts transcription factor binding in the enhancer cluster. The interaction of the enhancer with the promoter is weakened, and transcriptional activity is reduced. Over many decades, reduced levels of the corresponding protein contribute to islet dysfunction. transcription factor NEUROD1 to an enhancer for the ZFAND3 gene, previously identified as a T2D risk locus through a metaanalysis of genome-wide association studies 5 . Thus, the islet chromatin and transcription factor maps are powerful tools for locating cis-regulatory variants likely to underlie altered disease risk.
In the future, it will be interesting to determine whether and to what degree transcription factor occupancy and chromatin state are altered in endocrine cells from individuals with T2D. To this end, it might be necessary to perform analyses on material obtained from cell populations enriched for α and β cells, the two major endocrine cell types in pancreatic islets, which produce the glucose-raising hormone glucagon a RaG driver on the road to pediatric aLL
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Genomic aberrations affecting genes in B cell differentiation are hallmarks of B-precursor acute lymphoblastic leukemia (aLL). a new whole-genome sequencing study of ETV6-RUNX1-positive aLL has now identified RaG-mediated recombination, which specifically targets genes and regulatory elements active during B cell differentiation, as the underlying mechanism.
B-precursor ALL is the most frequent malignancy in children and is characterized by the accumulation of immature B lymphocytes in submicroscopic copy number abnormalities, most of which affected single genes involved in B cell differentiation, in virtually all ALL subtypes 2, 3 . These findings suggested that a block in B cell differentiation is one of the major events required for leukemia progression. For a number of these lesions, including deletions in IKZF1, CDKN2A, CDKN2B and BTG1, the surrounding breakpoints cluster between leukemic samples and carry cryptic recognition sequences for V(D)J npg
